Introduction

50
Ocean biogeochemistry is a key part of the Earth System: it regulates the cycles of major 51 biogeochemical elements and controls the associated feedback processes between the land, 52 ocean and atmosphere. As a result, changes in ocean biogeochemistry can have important 53 implications for climate (Reid et al., 2009) For all models, some degree of tuning occurred prior to this study, albeit in physical 154 frameworks different (to varying degrees) to that used here. Tuning during this study was 155 limited or absent between models, but some models, such as HadOCC and MEDUSA, may 156 have benefitted from being previously tuned within the NEMO framework (although in a different version and grid configuration). (results not shown), these differences result in shallower depths of the mixed layer and 163 pycnocline in this region. By contrast, in the Southern Ocean both mixed layer depths and 164 the modelled pycnocline are markedly deeper than in observations. This latter regional bias 165 has biogeochemical consequences across all of the models examined here (see later). Office's HadCM3 climate model, and was used for the first ever fully coupled carbon-climate 174 study (Cox et al., 2000) . MEDUSA-2 (Yool et al., 2011; Yool et al., 2013) period. This same period is used throughout the following analysis as a standard interval 257 except in the case of DIC and alkalinity, which are analysed over the mean 1990-1999 period 258 corresponding to the GLODAP data product. correlation coefficients ranging from r=0.01 to r=0.68 (Takahashi et al., 2009 and ERSEM models may be explained, at least in part, by the positive biases that these In addition to the ocean properties shown in Figures 1-3 These findings in annual average model performance are found to be consistent when 362 examined at monthly timescales ( Figure 5 ). 
Depth profiles
While the majority of biological activity in the ocean is concentrated in its surface layers, The source of this bias in surface alkalinity is, at least in part, due to disparity in modelled 393 CaCO 3 production in this region. As Supplementary Figures S8-S10 show, PlankTOM6,
394
PlankTOM10 and ERSEM export negligible particulate inorganic carbon (PIC; Figure S9 ) 395 relative to particulate organic carbon (POC; Figure S8 ) in this region. This results in low rain 396 ratios ( Figure S10 ) and the divergence of DIC and alkalinity performance of these models in 397 this region. The lack of PIC export in these models runs contrary to observations (e.g. Dunne compared to a factor of 1.5 for HadOCC (Table 4) . Table 4 ). These PlankTOM models 441 do not consistently produce the annual chlorophyll and primary production field standard 442 deviations closest to observations (Table 4) , however at monthly resolution their field 443 standard deviations are the most consistent across models ( Figure 5 ).
444
The comparison of depth profiles shows that despite all models being initialised from the 445 same observational fields, there is quite a lot of divergence even at depths of less than 446 1000m. In some cases, such as alkalinity in the Southern Ocean (Figure 7 ), all models have a 447 similar systematic bias compared to observations. This is suggestive of the influence of with the total number of biogeochemical tracers (including those detailed in Table 1 ). 15°N ). Vertical scaling is logarithmic (log 10 ).
